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INTRODUCTION
Recent studies using such methods as cyto-
chemistry, tissue culture, cinemicrography and
electron microscopy have shed some light on the
problem of interactions between keratiriocytes
and dendritic cells. Generally speaking, the
physiology of any given cell is not only the re-
sultant of its own action but is rather the con-
sequence of various forces depending to a vari-
able extent on the environning population. This
is true for cells in culture whose "social be-
havior" has been recently studied (1—3). This
is very likely to be even more true for the
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packed epidermal cell population. Cells coinpos-
ing the epidermis are, indeed, in close contact
to each other, and, in addition, they are per-
manently regenerative and thus, moving up-
ward ceaselessly.
Consequently, in the present article, we shall
try to emphasize those experimental facts that
suggest that the epidermis is made of interlac-
ing populations of cells. And, in order to render
this review more provocative we shall take the
risk of some speculations.
1. Interactions between Melanocytes and
Keratinocytes
A. PIGMENT'JDONATION
It is an accepted fact that melanin is manu-
factured in a specialized branched cell called a
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flo. 1. Electron micrograph showing one melanocyte and one keratinocyte after 24
hours of culture. These cells have been planted in vitro after dissociation of adult guinea-
pig oar skin with trypsin.
"melanocyte" (29). Keratinocytes do not syn-
thetize melanin. However they do contain nu-
merous "melanosome complexes" (30). There-
fore melanosomea have to pass over from mel-
anocytes to keratinocytes.
It can be inferred from electron microscope
studies that pigment donation occurs in vivo
either by inoculation into or by phagocytosis by
the recipient cells (23, 24). Transfer of non-
melanized prcmelanosomes into the keratinizing
cells of albino mice hair follicles has been ob-
served (53). This means that the process of
melanin transfer may not bd dependent on the
degree of melanization of the melanosomes.
In tissue culture of dissociated epidermal
cells, actual transfer of melanosomes has been
recorded, using einemierography (21, 22, 57).
Three possible mechanisms of transfer have
been suggested (58). One is direct injection of
melanosomes into the perinuclear zone of the
recipient keratinoeyte (21). The second is in-
gestion of melanin granules that "sink" into the
cytoplasm of the keratinoeyte (68). The third is
actual eytophagocytosis. In this latter ease;
dendritic endings are first wrapped up in a cy-
toplasmie veil emitted by the keratinocyte, they
are secondly broken up and finally incorporated
into the perinnclear zone of the recipient cell
(58). Electron microscope examinations confirm
cinemicrographic observations as shown on Figs.
1, 2 and 3.
If we assume that such cytophagocytosis does
occur in vivo, this would mean that it is not
only melanosomes that are transferred but also
other cytoplasmic materials. And, if this is the
case, one may speculate that cytophagocytosis
could he the basis for an actual symbiosis be-
tween melanocytes and keratinocytes (54, 57).
B. MOTION AND MULTIPLICATION OF MELANO-
CYTE5 IN VITRO
a. Motion
One prerequisite for pigment donation is
physical contact between melanocyte and
keratinoeyte. In the epidermis, such contact is
permanent. However, in tissue cultures of dis-
sociated cells, melanocytes, and keratinoeytes
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Fm. 2. Example of close contact between the cytoplasmic extension of a melanocyte and
the cytoplasm of a keratinocyte 48 hours after planting.
present in the cell suspension sediment on the
culture support, as independent and unrelated
elements. The fact that pigment donation oc-
curs in vitro, indicates that new contacts are
formed in the days following the onset of the
culture. These new contacts either are es-
tablished through the deplacement of the
keratinocytes or result from cellular expansions
originating from the body of the melanocyte.
In fact, time lapse cinematography reveals
that isolated melanocytes are sedentary (40,
58). The body of the cell remains almost mo-
tionless. The sole appreciable movements are
those of the dendrites which extend and retract
from the ccli body. Oscillating granules are
carried along as the dendritic process are ex-
tended or retracted (40).
When a given extended dendrite enters in
contact with a keratinocyte, it may or it may
not deliver pigment. It is, indeed, a frequent
observation that physical contact between tip
of the dendrite and the kcratinocyte cell surface
ends in the withdrawal of the dendrite, without
any visible delivery of pigment granule. Ob-
viously, not all physical contacts due to den-
drite extension result in pigment donation. The
same is true of those contacts that result from
the deplacement of keratinocytes.
Therefore, not only is necessary the physical
apposition of the two cytoplasms but also
some unknown factor (or factors), is involved
which permits cytocrine activity, i.e. actual
transfer of material from one cell to another.
Experimental studies on the mechanism of cell
to cell transfer using this in vitro model are
evidently needed and represent a very promis-
ing field of investigation. Thinking along this
line, it is important to note that recent experi-
mental data strongly suggesting that cytocrine
activity is under genetic control have been re-
ported (32).
5. Multiplication
Isolated melanocytes in vitro do not enter
mitosis (58). However, after a few weeks of
culture, at the time of keratinocytes have
formed large colonies of cells, it can be seen
that mclanocytes both start multiplying and
•.A
:-tø : -'
£
r-
—*4 L
n
4 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Fm. 3. This picture, taken with the electron microscope corresponds to cytophagocytosis,
as observed with time lapse cinemicrography (see text).
moving across the multilayered culture of
keratinocytes (58, 69). As a result they form
anastomotic networks of pigmented cells inter-
mingled with keratinoeytes (57, 58). These
experiments strongly suggest that keratinocyte
multiplication exerts some inductive effect upon
melanoeyte morphology as well as on the capa-
bility of this cell to enter mitosis.
C. EPIDERMAL MELANIN UNIT
The "epidermal melanin unit" is defined as a
melanoeyte surrounded by a constellation of
keratinoeytes (30). This pad of associated
keratinocytes may be variable in size. In this
view, factors which influence any component in
the "epidermal melanin unit" can be expected
to modify the function of the entire system.
For example, increased melanin synthesis ac-
companies a rise in epidermal thickness (60). It
has been suggested that ultraviolet light may
act to stimulate melanogenesis, not by a direct
action on melanoeytes, but rather, indirectly, by
inducing proliferation of keratinoeytes (35). If
this is true, proliferation of keratinocytes would
result in hyperpigmentation either "in provid-
ing more vehicles for melanin transport" (35)
or in including melanoeyte multiplication as
suggested by in vitro experiments.
D. THE FATE OF TRAN5FERREn MELANOSOME5
It is commonly thought that melanosomes,
once transferred to keratinocytes, are trans-
ported as inassimilable bodies. According to this
view they are discarded along with fully kera-
tinized cells casting off at the skin surface. It is
true that on tissue sections of heavily pig-
mented skin, melanosomes are usually found in
keratin layers. On the other hand, melanosomes
are known to be very resistant bodies and one
svonders how they could be destroyed by re-
cipient keratinocytes.
However, recent observations on the Che-
diak-Higashi syndrome have shown that in this
disease, keratinocytes form giant lysosomes
from normal sized granules. The failure of
keratinocytes to disperse the melanosomes in a
j.
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normal fashion would be the cause of the hy-
popigmentation seen in this syndrome (88). Ac-
cording to this view, "abnormal packaging of
normal melanosomes in giant lysosomes" would
result first in the degeneration of the protein
matrix of the melanosomes and second in the
disappearance of the osmiophilic material as-
sociated with it (88).
This interesting observation raises the ques-
tion of the possible rate of the lysosomes of
recipient cells in the regulation process of pig-
mentation. Using acid phosphatase reaction as
a marker for lysosomes, these structures have
been found in the epidermis (50, 52, 83). The
finding of ferritin and melanin together within
lysosomes in keratinocytes agrees with the con-
cept of lysosomal degradation of melanin gran-
ules (46—48, 50). Recent studies on tissue culture
have shown that transferred melanosomes are
located within single membrane bound vesicles,
rich in acid phosphatase, after 3 to 4 days in
vitro (Figs. 4 and 5). Twelve to 15 days later
the nmnber of melanosome-carrying cells is
drastically reduced (59). It is not yet clear
whether this reduction is due to the death of
recipient cells which are washed out or to total
intracellular degradation of melanosomes, or
both.
E. CONCLUSION
All these experiments on interactions between
melanocytes and keratinoeytes indicate that the
physiology of pigmentation does not depend
only upon the number of melanocytes and the
degree of melanoenzyme activity, but also on
the nature of physical contact between the two
cells and the capacity of recipient cells to
achieve partial or complete degradation of the
transferred melanosomes.
2. Lan gerhans' Cell-Melanocytc Relationship
This section will be divided in two parts. In
the first we shall make a critical evaluation of
available data concerning stainability, cyto-
chemical reactions, ultrastructurc and tissue
culture studies. In the second, we shall discuss
Fic. 4. Groups of melanosomes, once transferred to keratinocytes, in vitro, arc located
in single membrane bound vesicles.
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Fm. 5. Acid phosphatase reaction as seen, using the electron microscope, in single mem-
brane bound vesicics. Each melanosome is encircled by the reaction product.
the significance of these data, concerning the
nature of the Langerhans' cell.
A. CHARACTaRI5TICS OF THE LANGERHANS' CELL
a. Stainability
The affinity of these cells for acid solutions
of gold chloride made it possible to Langarhans
to describe them one hundred years ago (27).
It is important to stress that gold chloride
impregnation is specific for Langerhans' cells,
only if one limits his observation to the epi-
dermis. A large number of cells are actually
reactive, especially in the superficial dermis.
Electron microscope observations of gold im-
pregnated skin sections have revealed that the
majority of gold-positive dendritic cells present
in the superficial dermis are fibroblasts. In ad-
dition a gold deposit can be found in the cyto-
plasm of dermal mast cells, and, in general at
the level of cytoplasmic and nuclear mem-
branes, as well (11). This indicates that gold
impregnation is, by no means, specific for cells
of neural origin.
The same holds true for supravital dyes
such as methylene blue or brilliant cresyl blue
(12). The osmium iodide technique (20) or the
osmium-zinc-iodide modification (44) cannot be
taken as specific for nervous cells for, at least
the former has been shown to intensely stain
keratinocytes in guinea-pig epidermis whereas
Langcrhans' cells, as identified with the electron
microscope, remain unstained (15). There is no
doubt that the lack of specificity of these stains
accounts for the long persisting mystery about
the nature of the Langerhans' cells.
b. Cytochcrnical Reactions
Non-mitochondrial adenosine triphosphata.se
activity has been found in the dendritic cells of
human epidermis. It has been said that this
technique does not reveal any distinction be-
tween melanocytes and Langerhans' cells, both
types of cells looking alike and being filled with
brown granules (9). Papillary nerves and their
"mtraepidermal extensions", the dendritic net-
work of Langerhans' cells and probably melano-
cytes would be all reactive. The pattern of
'S
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staining thus would greatly resemble that ob-
tained by the use of osmium zinc iodide (49).
However, the reaction was attributed to Lang-
erhans' cells (76, 77) uniquely for the dendritie
reactive cells 1) are located in higher levels of
the epidermis, 2) they do nt contain melanin,
3) they yield a negative Dopa reaction (38, 76),
4) there is good correspondence between
ATPase reactive cells and aminopeptidase
positive elements (78, 79) (see below), 5) ultra-
structural ATPase has been described in Lang-
erhans' cells and not in melanoeytes or kera-
tinocytes (82).
Differences in distribution according to the
species of origin have been reported (8). It is
important to take these differences in account
in the critical evaluation of the data obtained
with ATPase reaction. For example ATPase ac-
tivity is associated with all cell membranes fac-
ing the intercellular spaces in the amphibian
epidermis (25).
It is not in the scope of this review to discuss
the histoehemical significance of the Waehstein-
Meisel lead technique for ATPase (72). It may
be worth recalling, however, that strong objec-
tions bave been aroused against the possibility
to demonstrate the membrane bound transport
ATPase with lead methods, especially because
lead totally inhibits Na+ and K+ activated
ATPase activity (31, 70). Our present knowl-
edge about the actual nature of the reaction is
incomplete and we must bear this in mind when
we try to interpret the above data concerning
the Langerhans' cells (62).
This restriction made, it remains that in hu-
man as well as in guinea-pig skin, so-called
ATiPase reaction permits clear distinction be-
tween Dopa positive melanocytes and Langer-
hans' cells.
Aminopeptidase activity can be demonstrated
in Langerhans' cells (78). If serial sections are
treated alternatively with the aminopeptidase
and ATPase methods, it can be demonstrated
that aminopeptidase and ATPase positive cells
are identical. In addition, if the aminopeptidase
and Dopa reactions are performed on the same
section, Dopa melanin is not found in amino-
peptidase-positive cells (80, 81).
Cholinesterase activity has been identified by
Bourlond, Wolff, and Winkelmann (19) in the
dendritie cells of the bat. Lyne and Chase de-
scribe such activity in sheep epithelium (43).
Other enzymes. Besides the above mentioned
hydrolases, it has been claimed that high-level
dendritie cells also exhibit acid phosphatase and
sulphatase activity (37).
Finally, a nonspecific esterase has been shown
in vertical sections of albino mouse tail epider-
mis (38).
c. Ultrastructure
Several papers have appeared in recent years
on this subject (6, 10, 12, 14, 84—86) which has
been reviewed by Breathnaeh in 1967 (16).
General features. There is absence of tono-
filaments and of desmosomes. Typical Golgi
membranes, centriolar structures, mitoehondria
and endoplasmie reticulum are present in ad-
dition to smooth-surfaced vesieles of varying
size and large vacuoles with ill-defined retieular
content. Lysosomes like structures are very
frequently seen. A very peculiar feature is the
presence of rod and racquet shaped profile
(Figs. 6 and 9).
Rod and racquet -shaped profiles. These
structures are thought to represent sectional
profiles of disc shaped bodies containing four
sheets of regularly spaced particles forming a
three-dimensional lattice (84). Three-dimen-
sional mod& s reconstructed after serial sections
reveal that these bodies are made up of a flat-
tened or curved orthogonal net of particles
which is bounded externally by a limiting mem-
brane. They may be disc-shaped, or cup-
shaped, or combination of both (64). They are
best referred to as "Langerhans' granules".
They are not found in melanoeytes. They might
be observed, though very occasionally in prickle
cells (73). They have been repeatedly found in
close association with the cell membrane (73,
84, 86). They have been regarded as specific to
Langerhans' cells of the epidermis (Fig. 7).
Large vaeuoles are often seen in the cyto-
plasm. They contained ill-defined granular or
reticular material. Single membrane bound
structures with amorphous, granular or lamel-
lated internal structures are frequently found.
They are morphologieally similar to lysosomes.
However, the demonstration of hydrolases in
these structures has not been given yet. In ad-
dition, granules possessing a triple layered
limiting membrane and resembling to lysosomes
have been described whose nature is not clear
(87). Fully melanized melanosomes are some-
times found in lysosome-like vesieles (16, 47,
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FIG. 6. Low power view of human epidermis
ing a typical Langerhans' cell.
86). However, unequivocal premelanosomes
have never been observed in Langerhans' cells.
On pure morphological ground alone it can
be concluded that 1) the Langerhans' cells are
not "effete" or worn out cells (16, 39) and 2)
they arc fundamentally different both from
melanocvtes and kcratinoeytcs. Additional evi-
dence for the former conclusion has been af-
forded by tritiated thymidine uptake experi-
ments. Successful labelling of Langerhans' cells
have been obtained in normal and keratin-
stripped guinea-pig epidermis (65), as well as in
the epidermis of the Rhesus monkey, following
irradiation with ultraviolet light (33).
d. Tissue Culture Studies
Epidermal cells can be cultured in three
ways: in organ culture, in explant culture or
in dissociated, dermis free, culture. Organ cul-
ture is not convenient for time lapse recording
and does not permit the study of individual
cell movements. On the contrary epithelial
sheets outgrowing from a skin explant as well
taken with the electron microscope, show-
as isolated cells in dissociated cultures repre-
sent excellent materials for eincmicrographie
studies.
In explant culture the growth of keratino-
cyte sheets has been recorded (42) but no
mention has been made of the behaviour of
other cell constituents of the epidermis. Both
melanocyte and keratinocyte movements have
been studied in dissociated cell cultures, using
the Zernickc phase contrast (21, 22, 40, 57,
58). Keratinocytos move slowly across the cul-
ture and emit blunt, undulating cytoplasmie
processes. Melanoeytes stand still and emit
branched, granular dendrites. No successful
study has been made of Langerhans' cells in
vitro.
Using the interference microscope, einemi-
crographic studies of explant cultures have re-
vealed that one can observe two kinds of cells
in the outgrowing sheet of malpighian cells.
These two kinds of cells are easily distin-
guishable because they have strikingly dif-
ferent movements (56, 57). One first category
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represents almost 99 per cent of the growing
cells. They form coherent sheets. Their move-
ment is much like a slow sliding and, at least
at low power, this sliding motion is especially
well observed at the level of cells which start
wandering from the margin of the growing
sheet.
The second category represents only 1 per
cent or so. They are independent from each
other. They arc neither pigmcntcd nor granu-
lar. They do not slide on the glass support.
They move swiftly with ameboid movements.
They are not inhibited by contact with the
other cells. On the contrary they migrate
through the sheet of kcratinocytcs. During their
migration these cells may even leave the grow-
ing sheet. Then, they start wandering in the
open field. They arc not lost howet'cr, for they
soon come back to the margin of the sheet.
And, as soon as they get in contact with
marginal keratinocytes one can see these kera-
tinocytcs work loose from the glass support
and pull back to the explant of origin.
These cells have been called "migratory cells"
and it has been suggested that they would
exert some unknown influence on the growth
and organization of the keratinocyte sheet
in vitro (58).
As a consequence of these studies on tissue
culture 3 kinds of cells are identifiable in vitro,
in the view point of their movements: slow
sliding keratinocytes, motionless melanocytes
and ameboid migratory cells. It is tempting to
think that the migratory cell and the Langer-
hans' cell is but one and the same. However,
definite evidence for this identity has not
yct been provided.
B. THE NATURE OF THE LANCERHAN5' CELL
a. The Nerve Theory
This theory has bean mast pertinently dis-
cussed by Braathnach (12) who concluded:
"the view that the Langerhans' call is a func-
tioning neural element rests on very uncer-
tain evidence". The present author would agree
Fm. 7. Long "rod like profile" characteristic of the Langerhans' cell
at r"IW' '. W 'Ia' W3fl
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Fio. S. Contact between a Langerhans' cell and a keratinocyte. Note that this latter cell
has a clear cytoplasm. That portion of the cytoplasm which is in contact to the Langer-
hans' cell is partially lysed.
that the evidence for neural crest or for
Schwann's cell origin is very indirect and no
direct connections have been observed in elec-
tron microscopic studies.
b. The Melanocyte Hypothesis
Considering the fate of the melanocyte,
"two possibilities may be envisaged a) all the
division products of melanocytes may retain
their proliferation power and their position in
the basal layer; b) some proportion of the
division products, becoming physiologically
effete, takes part in the general outward move-
ment of epidennal cells to be east off at the
skin surface" (5). Masson identified the ef-
fete melanocytes with the Langerhans' cells
(45). Masson's hypothesis has been supported
by circumstantial evidence: a) close similarity
of structure; b) anatomically more superficial
location of Langerhans' cells meaning chrono-
logically "older" position in the epidermis; c)
one-to-one correspondence of number and d)
correspondence of distribution, which is such
that either mclanoeytes and high level branched
cells occur together in the epidermis, or neither
occur (5).
Similarity of structure. This point is untena-
ble at the ultrastructural level. The mclano-
cyte is characterized by the presence of pre-
melanosomes that have never been found in the
Langerhans' cell. Conversely the Langerhans'
cell contains specific granules that are con-
stantly absent from the cytoplasm of the mel-
anocyte. In addition, no convincing evidence for
transitional patterns has ever been presented.
Superficial location. It remains true that in
man and in guinea pig (the most abundantly
documented species) Langerhans' cells are lo-
cated high in the epidermis. This, in itself,
does not mean anything unless it is related to
chronology. And, that is precisely for the sake
of chronology that it has been postulated that
Langerhans' cells are worn out, dead cells. It
is clear from the above data that the Langcr-
hans' cells arc not dead cells. In fact they arc
just as healthy as mclanocytes. In addition, it
,"r' iar'rtL.. intc
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must be said that melanoeytes aging in vitro
do not transform into Langerhans' cell, as
judged by electron microscope examination
(59). Therefore superficial location does not
mean that Langerhans' cells are older than
melanocytes.
One-to-one correspondence in number. Recent
investigation on the numerical correspondence
between Langherhans' cells and melanocytes
have yielded important results. Quantitative
studies on the Langerhans' cell population of
guinea-pig epidermis, using the ATFase reaction
as a marker for Langerhans' cells and the Dopa
reaction for melanocytes have shown that the
ratio of the former to the latter is variable, indi-
cating the absence of numerical relationship be-
tween the two cell types (79). By the same
method, quantitative studies in vitiligo have
shown a) that the number of Langerhans' cells
is about the same in involved as in uninvolved
areas; and b) that there is complete lack of any
numerical correlation between the two popula-
tions of dendritic cells (18).
In evaluating the effect of ultraviolet light
on the two populations, it has been found that
the Langerhans' cell population remained con-
stant throughout the entire period of irradia-
tion. On the contrary melanocytes showed a
significant rise in number (80).
In addition, when the horny layer is removed
by stripping, a compact parakeratotic layer
containing the Langerhans' cell develops that
is later eliminated. When the epidermis re-
stores, it becomes repopulated with Langer-
hans' cells. Quantitative counts reveal that
during the time the number of Langerhans'
cells varies, the number of Dopa positive mel-
anocytes remains constant (41). Therefore, the
one-to-one correspondence of number appears
as an exception rather than a rule and ex-
perimental evidences point to the fact that
melanocytes and Langerhans' cells are two in-
dependent cell populations.
Correspondence of distribution. Transplan-
tation studies often are cited against the cor-
respondence of distribution (66). According
to these studies neural-crest free skin of mouse
limb buds transplanted to the spleen of adult
hosts contain gold impregnated dendritic cells
though being devoid of melanocytes. Due to the
FIG. 9. Higher magnification of the Langerhans' cell shown on Figure 8. The clear
vaculocs containing an ill defined material are thought to correspond to bits of lysed
keratinocyte cytoplasm ingested by the Langerhans' cell.
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lack of reliability of impregnation technique,
this experiment had to be checked with the
electron microscope. The results of such study
confirm the lack of relation between melano-
eytes and Langerhans' cells (17).
In human fetal epidermis at fourteen weeks,
electron microscope studies reveal that Langer-
hans' cells, practically identical with those of the
adult are present in the fetal epidermis con-
taining only immature melanocytes which had
not yet begun to synthetize melanin (13).
These two important experiments point to
the fact that there is no relationship between
Langerhans' cells and melanocytes during de-
velopment. Correspondence in distribution thus
appears more the result of the epidermotropism
common to these two cell populations than like
the expression of an ontogenic similarity.
In studying healing of skin wounds in the
Rhesus monkey, it has been found that kera-
tinocytes and Langerhans' cells "mobilize, mi-
grate and proliferate within a few hours after
wounding, and these activities are concomitant.
On the other hand, melanocytes migrate and
proliferate only six days after wounding, when
the epidermal continuity has been re-estab-
lished". Such difference in response militates
against an histogenealogical relation between
these two cells (34).
Application to the guinea pig skin of a de-
pigmenting agent such as 4-isopropyl eathecol
results in the destruction of melanoeytes.
Keratinocytes are not affected and Langerhans'
cells show no qualitative or quantitative
changes (7).
When a suspension of epidermal cells is
planted in vitro, the melanocytes stick to the
support and exhibit multiple branching as soon
as 24 hours after the onset of the culture
(21, 57, 58). Langerhans' cells, which are also
branched cells in vivo, do not show up in
vitro. This could be taken as an argument
in favor of the melanocyte hypothesis: Langer-
hans' cells being worn-out cells, it is logical
for them not to attach to the glass support.
But, in assuming that Langerhans' cells are
not worn-out or dead cells, the argument is
reversed and becomes evidence that these two
cells are not of the same nature.
c. coNcLUsIoN
As a conclusion it may be said that the
rnelanoevte hypothesis has been a very stimu-
lating one. As such, it has played an im-
portant role in the history of skin biology.
However, advanced techniques such as histo-
chemistry, tissue culture and electron micros-
copy do not yield experimental confirmation.
3. Interactions between Keratinocytes
and Lan qerhon.s' Cells
A. THE MIGRATORY HYPOTHESIS OF ARNSTEIN
AND RANVIER
Let us return to the nineteenth century
when, in discussing the nature of the cells
recently described by Langerhans, Ranvier ex-
pressed the opinion that they were neither
nervous elements nor branched pigmentary
cells, but rather lymphatic cells which had
migrated into the epidermis (61) *
It is, indeed, surprising that this opinion has
remained ignored during so many years. One
first reason could be that until very recently
no Langerhans' cell has actually been seen
crossing the basement membrane. Occasional,
though unequivocal, Langerhans' cells have
been encountered, however, either in the der-
mis of crossing the basement membrane (36,
86). Of course, this could mean either that
Langerhans' cells "drop-off" to the dermis, or
that they migrate into the epidermis. The
point is that Langerhans' cell is not found
exclusively in the epidermis.
One other reason is that the melanocyte
hypothesis has been so widely welcome that
most investigators felt intellectually comfort-
able, having no need for another explanation.
With the exception of those who have put
forward the hypothesis that Langerhans' cells
derive from Schwann cells or intercalated cells
of the dermis (27, 63) very few dermatologists
and/or anatomists have been searching for an
extraepidermal source.
A very strong indication of the importance of
such a search has recently come from electron
microscope studies on "histioeytosis X". It has
been shown that in the various localizations
* As quoted by Ranvier, Eberth, C. I. (Die endi-
gung der Hautnerven, Arch. f. Mikr. Anat., 6: 225—
228, 1870) was the first to contest the neural origin
of the cell described two years before by Langer-
hans. He thought that these cells were either
branched pigmentary cells or migratory cells. Mer-
kel, Fr: (Tastzellen un Tastkorperchen bei den
Hausthieren und beim Mensehen, Arch. f. Mikr.
Anat., 11: 636—652, 1875) adopted the former and
Arnstein (Die Nerven der behaarten Haut, Acad.
So. Wien LXXIV: 1876) adopted the latter.
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of this disease, histiocytic cells that contain
rod and racquet-shaped profiles closely re-
sembling the specific intracytoplasmic Langer-
hans' granules, may be found in vivo and
in vitro (4, 71)
Zclickson (85), Hoshimoto (36) and Breath-
nach (12a) have each observed mesenchymal
cells with Langerhans' granules in normal hu-
man dermis.
Such cells have been migrating into the epi-
dermis, in various conditions, including Histio-
cytosis X and superficial basal cell epithelioma
(36). In addition, histiocytic cells bearing
characteristic Langerhans' granules have been
encountered in the stroma, in syringoma and
cylindroma, as well (36). These observations
point to the fact that the origin of the Langer-
hans' cells might be found in the connective
tissue, according to the migratory hypothesis of
Arnstein and IRanvier.
B. CIRCUMSTANTIAL EvIDENcEs oa INTERACTION
All the above observations strongly suggest
that Langerhans' cells actually derive from
mesenchymal tissue. As a consequence, the
epidermis as such, can no longer be con-
sidered as a combination of ectodermal and
ncuroectodcrmal tissues. Indeed, it has to be
taken as a mixed population of cells originating
from the cctodcrm, the neural crest and the
mcscnchymc.
Along this line, it may be postulated that
the influence of the connective tissue upon the
epidermis will not be limited to extracellular
materials diffusing through the basement mem-
brane but will also be mediated through migra-
tory cells of the histiocytic type: i.e. the
Langerhans' cells.
This raises the question of the role of the
Langerhans' cells, and of possible interactions
between keratinocytes and Langcrhans' cells.
Some evidence for such an interaction comes
from numerical studies (18, 41, 80). These
studies have shown that the number of Langer-
hans' cells is fairly constant in normal skin.
This means that a permanent population of
living connective tissue cells participate in the
epidermis turnover.
This active participation is exemplified by
stripping of the horny layers. Langcrhans' cells
are cast off along with the parakerototic layer
which forms after stripping. It takes about 15
days for the normal number of Langerhans'
cells to return to normal. However, it takes only
4 days for the epidermis to resume its normal
keratinizing function (41). Therefore, it can
be concluded that Langerhans' cells are not
necessary for the kcratinocytcs to undergo
full differentiation.
It may be thought that if Lnngerhans' cells
do not actually participate in the completion
of keratinization, they might well be necessary
in the maintenance of a physiological equilib-
rium between differentiation and mitotic ac-
tivity. Circumstantial evidences for such a
regulatory function derive from the study of
pathological epidermis. The Lnngerhnns' cell
population increases in ichthyosis where there
is an excess in scaliness. On the contrary, the
number of Langerhans' cells is decreased in
psoriasis where there is an increase in mitotic
activity and abnormal kcratinizntion (34).
C. DIRECT EVIDENCES FOR INTERACTION
Direct interaction between Langcrhnns' cells
and keratinocytcs cnn be observed with the
electron microscope. Portions of the cytoplasm
of keratinocytes may be engulfed by Langer-
bans' cells (16, 86). Keratinocytes ndjacent to
a given Langerhnns' cell may sometimes ex-
hibit abnormal cytoplasmie clarity (Fig. 8).
Fibers are scarce or absent, desmosomes are
retracted inside the cytoplasm. Part of the
cytoplasm is actually eogaged in a lytic process.
Small bits of lysed cytoplasm of the keratino-
cyte are found in phngocytic vneuoles of the
Langerhnns' cell (Fig. 9).
Such pictures could be interpreted as repre-
sentative of a "scavenger like" activity of the
Langerhans' cells. In so acting, these cells
would actually clear up the epidermis of those
keratinoeytes that had undergone abnormal
evolution.
D. HYPOTHESIS ON THE LANGERHANS'
GRANULES
As regard to the meaning of the Lnnger-
bans' granules, electron micrographs cannot
tell whether they correspond to secretion or to
phagocytosis.
The only way of approaching the problem,
at the present time, is nnnlogie reasoning. If
Langerhnns' granules are similar to the struc-
tures found in Histiocytosis X, these granules
are likely to correspond, at least, to one func-
tion of the histiocytie cell. One function of these
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cells is phagocytosis. The fact that Langerhans'
cells do not eaptnre fat or india ink (75) indi-
cates that they are not ordinary macrophages,
a fact which is not surprising for ordinary
maerophages do not coutain Langerhans' gran-
ules.
Vertical sections of these grannles appear
like tubular structures (Fig. 7). These tubular
structures are commonly seen in continuity with
the cell membrane. Thus, they can be taken
as surface invaginations of a peculiar type
(36). Their resemblance to the "coated vesicles"
that have been described in perieardial cells of
the Aplud (8) and in absorptive cells of Hydra
Oligactis has recently beeu emphasized (67).
Coated vesieles are actively engaged in the up-
take of fluid in hulk (26).
By analogy, it could be thought that Langer-
hans' cells are absorptive cells which incorpo-
rate intercellular fluids.
According to this view, it could be speculated
that Langerhans' cells might capture antigenie
materials and, therefore, play an important
role in the primary response (28, 51).
An interesting approach to the understand-
ing of the Langerhans' cell functions would be
tissue culture methods. We have seen that
cinemierography studies on skin explants in
culture reveal the presence of ameboid migra-
tory cells which interact with growing keratino-
eytes.
It would be interesting to know whether
these migratory cells contain the characteris-
tic Langerhans' granules. Preliminary at-
tempts to identify Langerhans' cells in explant
cultures of skin (55, 59) or in primary cul-
tures of dissociated epidermal cells (59) have
failed, so far. That this cannot be due to the
culture per se, can be inferred from the fact
that Langerhans' granules do persist in in vitro
cultured cells of Histioeytosis X (4).
Unpublished observations by this author on
the effect of trypsin in human Langerhans'
cells in the epidermis, in situ, have shown that
characteristic granules are not destroyed by
trypsin, during the time necessary for prepar-
ing epidermal cell suspension. This indicates
that characterizable Langerhans cells can ac-
tually be recovered in vitro.
There is little doubt that new studies along
this line will be very rewarding.
E. coNcLusIoN
Langerhans' cells are neither of nervous ori-
gin, nor effete derivatives of melanocytes.
They most likely derive from connective tissue.
They exhibit strong hydrolytic enzyme ac-
tivities. They are capable of division. They
are engaged in active eytophagoeytosis of en-
vironing keratinoeytes. Thus, the Langerhans'
cell seems to play a role in the epidermis,
somehow comparable to the one the osteoelest
plays in the bone. The term "epidermoclast"
could be proposed, tentatively, to designate
the Langerhans' cell.
Finally, as a working hypothesis, it may be
suggested that these epidermoelasts are absorp-
tive cells which, in addition to cellular frag-
ments, incorporate also intercellular materials.
GENERAL CONCLUSIONS
The concept of interactions between kerati-
noeytes and dendritie cells is not based any
more on circumstantial evidences but rather
can be assessed on experimental grounds.
The transfer of eytoplasmie materials from
melanoeytes to keratinoeytes (secretion eyto-
erine), can be studied in vitro. As such it
represents an experimental model for the
study of one major step in the physiology of
pigmentation as well as for the study of cell
to cell interactions in general.
Langerhans cells can no longer be considered
as melanoeyte derivatives. Evidence accumu-
lates in favor of their identifieatin to a special
class of histiocytes. Therefore, the connective
tissue is present in the epidermis, not only in
the form of a variable component of the inter-
cellular fluid but also in the form of active
cells intimately associated to neuroectodermal
and eetodermal elements.
No doubt such a conclusion will modify, and
enlighten, large chapters of epidermis biology.
ADnENDUM
Since submitting this manuscript, Cohen, J.
and Szabo, G., have published in Experimental
Cell Research, 50(2) : 418—434, a paper on in
vitro interactions between melanoeytes and
keratinoeytes which emphasizes the interest of
this interesting experimental model.
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